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Abstract

Objectives: To compare subfoveal choroidal thickness (SFCT) and choroidal vascular index (CVI) in patients with hyperopic refractive
and strabismic amblyopia and healthy subjects.

Materials and Methods: The study included 17 patients with strabismic amblyopia (Group 1), 29 patients with hyperopic refractive
amblyopia (Group 2), and 16 eyes of 16 healthy volunteers (Group 3). Best corrected visual acuity was noted in all patients and
volunteers. In addition to detailed anterior and posterior segment examinations, macular images were obtained by enhanced-depth
imaging mode of optical coherence tomography (OCT). SFCT measurements were made from these images and CVI was calculated
using the Image J program.

Results: No significant difference was found between the groups in terms of age, gender, and intraocular pressure (p=0.27, 0.64, and
0.85, respectively). Mean BCVAs in Group 1 were 0.57+0.16 (0.3-0.8) in the amblyopic eyes, 0.94+0.08 (0.8-1.0) in the fellow eyes, and
in Group 2 were 0.61+0.17 (0.2-0.8) in amblyopic eyes, 0.92+0.1 (0.8-1.0) in fellow eyes. BCVA in Group 3 was 1.0+0 (1.0-1.0). Mean
SFCT of the amblyopic eyes in Groups 1 and 2 was 341.50+60.4 (277-481) and 370.06+65.3 (247-462), respectively, and in the healthy
eyes of Groups 1 and 2 and Group 3 was 321.92+68.26 (251-440), 330.35+74.00 (194-502), and 327.62+40.79 (238-385), respectively.
SFCT was significantly greater in the amblyopic eyes of Group 2 compared to Group 3 (p=0.01). Mean CVI was 0.681+0.032 (0.642-
0.736) in the amblyopic eyes and 0.685+0.054 (0.587-0.788) in the fellow eyes of Group 1 patients; 0.664+0.033 (0.592-0.719) in
the amblyopic eye and 0.707+0.039 (0.625-0.779) in the fellow eye in Group 2 patients; and 0.689+0.031 (0.612-0.748) in Group 3
patients. CVI was significantly lower in the amblyopic eyes of Group 2 compared with fellow eyes (p=0.02) and Group 3 (p=0.025).
Conclusion: Morphological changes may be seen in the choroid in amblyopic eyes. We observed that the choroidal stromal component
is increased in hyperopic amblyopic patients especially.
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Introduction

Amblyopia is a pathology caused by abnormal binocular
image or visual deprivation that manifests clinically with
unilateral or bilateral reduction in best corrected visual acuity
(BCVA)."? Its global prevalence varies between 2% and 4%.%°
It is considered the most important cause of unilateral visual
impairment, especially in children, and can be prevented with
treatment if detected at an early age.>’

The two most common subtypes of amblyopia are strabismus
and anisometropia, which also constitute its main causes.
Amblyopia may occur as a result of strabismus and anisometropia
alone or the coexistence of these two pathologies."**>

Various defects in the visual cortex and cell degradation in
the lateral geniculate nucleus are thought to play a role in the
development of amblyopia, and it is suggested that inhibition
by the fellow eye occurs at various stages of visual development.®
In addition, structural anomalies of the optic radiation axons
and extrastriate areas have been detected in amblyopic patients;
however, studies on this subject are ongoing.”*

The choroid, which has important roles in ocular physiology
and homeostasis such as temperature control, nutrition, and
waste removal, may also play a role in the pathophysiology
of amblyopia. It is believed that the choroid influences the
formation of a clear retinal image through its ability to change in
thickness and volume.” Recent studies have shown that changes
in subfoveal choroidal thickness (SFCT), which can help adjust
retinal image clarity, can also occur over short periods of time.*
SECT is determined using optical coherence tomography (OCT)
and its enhanced-depth imaging (EDI) mode. In many studies
using EDI-OCT, retinal thickness and SFCT were reported to be
higher in amblyopic eyes than in both the patients’ fellow eyes
and normal control groups.''

The choroidal vascular index (CVI), a parameter recently
used in the evaluation of the choroidal vasculature, is the ratio
of the vascular lumen to the entire choroidal area. It can provide
information about the pathophysiological changes that occur the
choroid, which almost certainly has a role in amblyopia.'!

This study aimed to compare the SECT and CVI values of
patients with hypermetropic refractive and strabismic amblyopia
with those of healthy eyes.

Materials and Methods

This study was designed as a prospective, case-control study
and included amblyopic patients seen in the strabismus unit of
the Ege University Faculty of Medicine Hospital and healthy
volunteers examined in the outpatient clinic. Approval was
obtained from the medical research ethics committee of the
university in which the study was conducted, and an informed

consent form was signed by the parent or legal guardian of each
participant.

The study included 17 eyes of 17 patients with strabismic
amblyopia who were currently receiving occlusion therapy
(Group 1), 29 eyes of 29 patients with hyperopic anisometropic
amblyopia (Group 2), and 16 eyes of 16 age- and gender-matched
healthy volunteers (Group 3, control group). All patients
and controls underwent detailed ophthalmological examination
including BCVA measurement, anterior and posterior segment
examinations, intraocular pressure measurement (Tono-
Pen, Avia), and cycloplegic refraction (Topcon KR-7000P,
Topcon Europe BV, Capelle a/d IJssel, Netherlands). Spherical
equivalent was derived from cycloplegic refraction values. In
addition, a single subfoveal EDI-OCT (Heidelberg Engineering,
Heidelberg, Germany) scan was obtained. As previous studies
have shown that the choroid shows diurnal variations, scans were
performed between 9:00 aM and 12:00 pM in all patients and
by the same researcher.!>'¢ SFCT and CVI were evaluated from
EDI-OCT images. From these images, CVI was measured with
the binarization method using the Image J program (National
Institutes of Health, Bethesda, MD, USA). To calculate CVI,
lines were drawn at the RPE-choroidal junction 750 pm nasal
and temporal of the foveal center, after which the area up to
the chorioscleral junction was selected using the program’s
polygon drawing tool. As described in the literature, the index
was calculated as the proportion of the luminal area to the
total choroidal area (Figure 1).*'%!7 Measurements based on
EDI-OCT were performed by two different researchers and the
average of the two measurements was included in the analysis.

Amblyopia was diagnosed as one eye with BCVA lower
than 8/10 and at least 2 Snellen lines difference from the fellow
eye with normal BCVA. The patients were included in the
appropriate group according to the cause of amblyopia. Only
patients with hyperopic refractive errors and anisometropic
patients with refractive error difference of +2 diopters or greater
between the eyes were included in the refractive amblyopia group.
Patients with meridial amblyopia and astigmatic amblyopia
were excluded.

We also excluded patients who had amblyopia associated
with organic causes, a history of ocular surgery, autoimmune-
inflammatory diseases that may cause retinal or choroidal
involvement or thickness changes, any drug use, high coffee
intake or heavy smoking, systemic comorbidity, or inability to
cooperate with OCT.'8"?

The control group was selected from among patients
presenting for routine outpatient visits who had no significant
refractive error or manifest deviation, had uncorrected BCVA of
20/20 bilaterally, and were able to cooperate with OCT scans.
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Only their right eyes were included in the study to ensure data
diversity.

IBM SPSS Statistics version 20.0 (IBM Corp, Armonk,
NY, USA) software package was used for statistical analyses.
Numerical variables were expressed as mean and standard
deviation (minimum-maximum). Mann-Whitney U test was
used for intergroup comparisons and chi-square test was used for

comparisons of demographic data. P values lower than 0.05 were

considered statistically significant.

Figure 1. Calculating the choroidal vascular index at 750 pm nasal and temporal
of the foveal center by binarization method using Image J software

Results

The study included 46 patients with amblyopia and 16
healthy volunteers. There was no significant difference in age,
sex, or intraocular pressure measurements between the groups
(p=0.271, p=0.647, and p=0.853, respectively) (Table 1).

Mean BCVA was 0.57+0.16 (range: 0.30-0.80) in Group
1 amblyopic eyes and 0.94+0.07 (range: 0.80-1.00) in Group
1 fellow eyes. In Group 2, mean BCVA was 0.61+0.17 (range:
0.20-0.70) in amblyopic eyes and 0.92+0.10 (range: 0.80-1.00)
in fellow eyes. Mean BCVA was 1.00 in Group 3 controls. SECT
was significantly higher and CVI was significantly lower in the
amblyopic eyes of Group 2 when compared with these patients’
fellow eyes (p=0.05 and p=0.02, respectively) and Group 3
(p=0.01 and p=0.025, respectively) (Table 2).

Discussion

Although the cause of amblyopia has not been fully
determined, various mechanisms have been suggested as being
involved in its pathophysiology, such as cell destruction in the
lateral geniculate body and visual stimuli reaching different
projections.” Recent advances in imaging technologies have led
to a differing view of the pathophysiology of diseases. Thickness
changes in the choroid are observed in many diseases, including
amblyopia. This study examined the choroidal vasculature
in addition to SFCT and showed that CVI was significantly
lower in amblyopia, especially cases of hyperopic anisometropic
etiology, while the luminal area corresponding to the choroidal
vessels did not differ significantly.

With OCT and EDI mode becoming indispensable in
ophthalmology practice, detailed examination of the choroid and
its layers has become more accessible. The relationship between
the choroid and amblyopia, which remains an important
problem with still unclear pathophysiology, has also been a
subject of research.'>'7?*?1>> In a meta-analysis evaluating 17
studies including 768 eyes, SFCT was found to be significantly
higher in eyes with refractive amblyopia compared to fellow eyes
and the control group, consistent with our study (p<0.01)."
Aygit et al.”® analyzed SFCT in 120 eyes with both strabismic
and anisometropic amblyopia and determined that SFCT was

Table 1. Demographic data of the patient and control groups
Group 1 Group 2 Control
mean + SD mean + SD mean + SD p value
(range) (range) (range)
Number 17 29 16
9.75+4.24 8.20+1.32 11.35+3.05
Age (years) 4-17) 6-10) 6-17) 0.271
Gender (M/F) 9/8 17/15 10/6 0.647
SD: Standard deviation, M: Male, F: Female
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significantly greater in both groups compared to control and
fellow eyes. Findings from these studies reveal a relationship
between choroidal thickness and strabismic and hyperopic
refractive amblyopia. Consistent with the literature, in the
present study SFCT values were significantly higher in eyes
with hyperopic anisometropic amblyopia. However, there was
no significant difference in patients with strabismic amblyopia.

Choroidal thickness is known to be significantly affected
by axial length. Choroidal thickness was found to be lower in
myopic patients and higher in hyperopic patients compared to
healthy volunteers." Since axial length could not be examined in
this study, we could not evaluate this.

An important component of the retinal blood supply, the
choroid is a dense vascular tissue supported by a loose stroma
and has the highest blood flow per unit of tissue in the body.’
Therefore, in diseases in which the choroid is involved in the
pathophysiology, such as amblyopia, it may be more important
to evaluate the subcomponent of the tissue responsible for
the increase/decrease rather than simply evaluating a change
in thickness. CVI is presented here as data that may be more
meaningful and detailed than thickness.!*'

CVI, a new parameter first described by Sonoda et al.,"”
is based on binarization and provides information about the
vascular/luminal and stromal components of the choroid.**?
In another study, it was reported that with aging, the luminal-
vascular area decreased while the stromal area remained stable,
resulting in a decrease in the ratio of vascular area to total area.?

In a study evaluating the choroidal structure in hyperopic
amblyopic eyes, CVI was found to be higher in amblyopic eyes
compared to fellow eyes and was positively correlated with
SFCT.** In the present study, CVI was significantly lower in
eyes with hyperopic anisometropic amblyopia compared to
fellow eyes and healthy controls. To our knowledge, there is

no study in the literature specifically comparing strabismic
amblyopia groups, and this study is the first to evaluate CVI
according to the type of amblyopia. No significant differences
in CVI were detected between the strabismic amblyopia group
and the subgroups. This suggests that the choroidal thickening
associated with hyperopic refractive error may not be due to
amblyopia and may be caused by high hyperopia. However,
previous studies have shown that in hyperopic patients, choroidal
thickness increases and vascular structures enlarge in association
with the degree of hyperopia.”’ In the present study, the stromal
component increased more significantly.

In a study of anisometropic amblyopia patients receiving
one-year refractive correction and/or occlusion therapy, it was
observed that the choroidal vascular component decreased and the
stromal component increased in amblyopic eyes after treatment,
while no significant change was detected in non-amblyopic
eyes.” This shows that the choroid plays an important role in
the pathophysiology and treatment of the disease, especially in
eyes with refractive amblyopia. This is supported by the fact that
the morphology of the amblyopic eyes after treatment resembled
that of the fellow eyes. In the present study, the fact that the
stromal component in relation to the luminal area is significantly
different in patients receiving treatment compared to the
control group may suggest an effect of treatment on choroidal
pathophysiology. We believe that post-treatment follow-up of
the same patient group and comparison with initial data would
support these findings.

Study Limitations

This case-control study has various limitations. The data
were calculated manually based on EDI-OCT images. To
prevent potential errors arising due to this, the average of data

calculated by two experienced researchers was analyzed. The

Table 2. Visual acuity, refraction, and choroidal parameters of the patients
Group 1 Group 2
Control
Amblyopic eye Fellow eye Amblyopic eye Fellow eye Mean + SD
mean = SD mean = SD mean + SD mean = SD (range)
(range) (range) (range) (range)
BCVA 0.57+0.16 0.94+0.08 0.61+0.17 0.92+0.10 1.00+0
(0.30-0.80) (0.80-1.00) (0.20-0.80) (0.80-1.00) (1.00-1.00)
SE 3.07+2.85 2.61+3.46 4.88+2.83 2.99+2.51 0.25+0.50
(0.50-5.00) (0.75-6.00) (2.00-8.00) (0.25-5.50) (0.25-0.50)
SECT 341.50+60.4 321.92+68.26 370.06+65.36 330.35+74.0 327.62+40.79
(277-481) (251-440) (247-462) (194-502) (238-385)
VI 0.681+0.032 0.685+0.054 0.664+0.033 0.707+0.039 0.688+0.031
(0.641-0.736) (0.587-0.788) (0.592-0.719) (0.625-0.779) (0.612-0.748)
LA 1.011+0.187 0.964+0.230 1.106+0.165 1.012+0.174 1.105+0.135
(0.690-1.310) (0.560-1.270) (0.770-1.400) (0.570-1.300) (0.830-1.310)
SD: Standard deviation, BCVA: Best corrected visual acuity, SE: Spherical equivalent, SFECT: Subfoveal choroidal thickness, CVI: Choroidal vascular index, LA: Luminal area
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amblyopia patients in the study are those being followed up
and treated in the pediatric ophthalmology department of our
center. We hope to confirm our data in larger scale studies with
a sufficient number of treatment-naive patients. In addition,
since AL measurements could not be taken, it was not possible
to compare the refraction values obtained after cycloplegic drops
and other parameters according to AL. The strabismic amblyopia
group in our study was also small compared to the other groups.
The majority of patients with strabismic amblyopia also have
refractive errors, which limited the number of patients in this
group. Although there was no statistically significant difference
in the mean, the number of patients in the study groups and
their heterogeneity in terms of age distribution constituted a
significant limitation of the study. Therefore, studies with larger
samples of all groups are needed.

Conclusion

Whether amblyopia is of strabismic or refractive etiology,
morphological changes can be seen in the choroid. However, CVI
values showed that the stromal component of the choroid was
increased in patients with refractive amblyopia.
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